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Sunmmary

‘ The basic aim of this study was to establish an attribute by
treatment interaction (ATI) between anxiety, stress, amd response mode
to programed instruction. Subsldiary purposes of the research wre to
replicate previous firdings concerning the effect. of the mode of respond-
ing on achievement from programed instruction, a\;d to study the effect
of facilitating in addition to debilitating anxi;ty. The research
design consisted of two experimentally manipulated variables, stress
and response mode, and two variables assigned on the basls of test
sooros the facilitating and debilitating anxiety scores of the Achieve-
ment Anxiety Test.

A total of 144 Ss were randomly assigned to a stress, or non-
stress group, amd to one of three response modes: constructed rosponse
with, and without reinforcemsnt, or tc a reading group. The learning
materials consisted of & linear pr&gram dealing with the area of heart
disease. The program contaired an easy sectlion (44 error rate) dealing
with material generally familiar to Ss, and a more difficult section
(296 error rate) covering technical content unfamiliar to Ss prior to
studying the program. Posttests on both typss of content were adminis-
tered immediately after the program.

The data were analyzed by multiple linear regression. A strong
positive relationship between facilitating anxiety, and achievement on
the technical program was found. Faclilitating anxiety also interacted
with stress and response mode for technical materisal. Debilitating




anxisty, however, failed to interact with any of the veriables for

technical material, though an interaction with stress for familiar

materials was obtained. Finally, previous findings regarding the
higher achievement of the constructed response mode for technical,
but not familiar, subject matter were replicated.

The findings involving facilitating anxiety wer:s conceptualized
in terms of achievement motivation, which may be a yromising variable
in ATI research. The superiority of the constructed response mode on
technical material was interprsted in terms of a response Jearning
paradiga. In situations where responses are not in the repertory,
constructing the responses, in terms of answers to an instructional
progran, may well lead to superior achievement. Where the responses
are in the repertory but need to be assoclated to a nevw stimulus situa-
tion constructing the answers may lead to no higher achievement than
other response modes.

The negative findings concerning debilitating anxiety on diffi-
cult, technical content raised questions regarding the size of the
error rate required to evoke, and/or maintain anxiety. It was sug-
gested that anxlety might interact with instructional mode only in the
presence of error rates exceeding 60%. If thls analysis is supported,
ATIs involving anxiety will continue to be ol some theoretical inter-
est, though hardly pertinent for research involving optimal instruc-
ional methods.
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Introduction

" The sdaption of instructicnal methods to individual differences
among pupils is an area of some importance to educatlon. In order to
assign & pupil to the instructionsal metbod which would result in optimal
achisvement for him, an interaction is presumed to exist betwesn the
instructional strategy and the individusl difference variable. Such an
interaction would permit one to have some confidence in the assigment
of a particular pupil who is high on 2 specific attribute to ome
instructional method and a second pupil who is low on that attribute
to an slternstive method. A serious research offort is, thus, required
to establish interactions between a variety of individual difference
varisbles and instructional strategies in order to permit tlie success-
ful assigmeent of pupils to different instructional modes. The aim of
the present report was to study such an interaction between anxiety,
stress, content difficulty, and different instructional methods in the

ares of programed instruction.
Review of the Literature

The aptitude by learning treatment interaction (ATI) has
recently bacome the focus of increasing attentlon (Carroll, 1969).
Since such Anvestigations are concerned with a whole array of varisbles
along wvhich imdividudls differ, and tho. term aptitude has been closely
jdentified with the cognitive domain, it has been suggested (Toblas,
1969b) that a more appropriste description of this area would be the
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attribute by treatment interaction, also giving rise to the now familiar

ATI abbreviation.

Cronbach and Snow (1969) reported what is perhaps the most
extensive review of ATI research. They concluded that a substantial
research offort was needed in order to establish ATIs as a viable con-
struct in the area of instructional research., This conclusion was not
dissimilar to that reached by Glaser (1967, 1968) after he reviewed
the learning literature dealing with ATIs.

In a review of ATI research using prograned materials to imple-

ment different presentation strategies, it was concluded (Tobias, 1969b)

that A1Is with different programing variables had also not been demon-
strated. It was suggested that the assumption thal a variable was
actually operative in the research situation on the basis of a test

soore may have been largely responsible for the negative results

reported in this area. In the aro;t of anxiety, for example, the assump-

tion that a subject (S) is as anxious about his performance on a
brief research task as he is about his day-to-day activities or his
performance on important examinations might well be unwarranted
(Toblas & Williamson, 1968). It was recomnended that future researcl
assure that the variable being investigated was operative during

the research task by combining experimental variation with the assign-
ment of a variable on the basis of test score. This review also
indicated that personal attributes which had an effect on achievement
in one eonto‘rrt. area might not have the same affect in another area

and that therefore Ss ought to be required to work on more than one




type of subject matter.

 This study attempted to test this reasoning by employing both
moasured anxiety and experimentally irduced stress, together with dif-
ferent, modes of responding o programed materials. Centent character-
istics were also varied by employing materials of differing fumiliarity

to the subjects.

Response Mode to Programed Instruction

The literature regarding achievement differences attributable to
variations in the mode of respording to programed materials was reviewed
by Arderson (1967), and by Tobias (1968). It was noted that no achieve-
ment differences were found in early studies comparing different
response modes. Whether S responded to a program by constructing his
responses and then checking their accuracy (constructed response),
"thought” the answer without actually constructing his response (covert
response), picked the answer from one of several available cholces
(multiple choice), or read the program cast in the form of completed
statements (reading mode) resulted in comparable achievement.

Holland (1967) suggested that the prevalence of findings of no
difference among response modes could be attributed to the pregrams
employed in these investigations. Specifically, studies reporting no
differences employed programs with high "black out” ratios. The black
out ratio was defined as the percentage of words in a frame which could
be eliminated, or balcked out with a crayon, without significantly

increaging the program's error rate. Hollanl reasoned that these

K T e W

s ) N




naterials were, strictly speaking, not programs since the blackout

ratio .indicated that content was 1ntroduced without becoming response
contingent. Studies in which the constructed response mode did lead
to higher schievement typica.ll& utilized l.ro@'ms in vhich the blacl’cout
ratio was low.

A different fornuhtibn regarding the findings on the response
mode issue appears possible, Tobias (1969c) suggested that for content
with which Ss have a good deal of prior familiarity no difference among
response modes was to be expscted. On the other hard, contert which was
new to Ss typically resulied in superior achievement with the con-
sth response mode, This position 48 in accerd with the findings
of a mmber of investigalors. Cummings and Goldstein (1962), and
Williams (1963, 1965) found evidence for the superiority of the con~
structed response mode using programs whose content. was described as
technical. It appeared likely that, in this context, technicality
" meant that S did not have the opportunity to become familiar with the
content covered before studying the program.

The familiarity interpretation grew out of two studles (Tobias,
1959a, 1969¢) employing instructional materials for which Ss had vary-
ing prior knowledge. A Program was used covering both technical con-
tent unfamiliar to Ss, and material to which they had substantial
prior exposure. Both sets of content were drawn from the same domain,
the area of heart diseass. The familiar portion of the program con-
tained materisl dealing with the incidence of heart disease, and
risk factors for contracting heart disease such as high cholestoral,




'?uoking. l.go, ete. The technical, unfamiliar section of the program
dealt m:mly with t.ho diagnosia of lwocu'dial inl‘a.rction from the
fifth precordizl lead of the elaetrocardiogram. Teehnica.l names for
different degrees of severity of COYONATY disoase, electrocardio-
graphic tracings haracteristic of each level of severity, and graphic
representations of ‘the damage to ‘the heart muscle caused by the |
various levels of coronary disease were sncluded in this part of the

progran.
The findings of these investigatlons (Tobias, 1969b, 19690) were

in acgord with the familiarity formulation. For familiar content, there

» was no difference between the constructed response group ard Ss who |
read the wmt&iﬂs. For the technical, unfamiliar subject matter .

. significant differences occurred for test units requiring either a
vorba.l or a pictorial response. An interpretation of these Jdata in
terlus of the blackout ratio appears possible, though unlikely. The

" plackout ratio for the familiar materials, on which response modes did
rot differ, was higher than the ratio for the technical content. On
the other hand, the blackout ratio of 24 for the familiar naterials
was not very high and sinilar to some programs reporting achievenent
differences batmn response nodos (Honand, 1967).

The ﬁtdinga of Karis, Gﬂpert and Kent {1968) were also in

‘ accord with the fanilmity notion. These investigators enployod a
technical program dealing with nedical subject matter, and found that -

" Lhe constructed response mede led to significantly superior achievuﬁont,
When synonyns for technical Mﬂ were soored as aécopt.blo answers




amd rupoudn conld be paraphrased in nontechnical 1“8“8': the mﬁr—
jority of th:o constructed response mode disappezred. These findings
lliu-qtcd that as Ss ocould brin; their prior learning to bear on the
task, 1.9., vhen the task relied more on previcusly lesrned material,
thers were no differences between ronpﬁm modes. | |

Dani¢l axd Murdoch's (1968) data also support a familiarity
interprotation. These investigators found that a group studying Holland
and Skinner's (1961) program achieved more than a group studying the
ssme subjsct matter using Skinner's nonf-progr_uod writings. The dif-
ference was based on a multi-variate analysis of variance using six
different achievement indices us deperdent measures. When the subtest
moasuring knowledge of specific content in the area of operant psychology
was eliminsted from the dependent measures by covariance adjustment the
difference between the groups was no longer significart. ‘These results
isdicate that tho oversll group differences hinged on the specific
ocontent subtest and, Mhorndro. that specific knowledge of operant
terminology wes probasbly that part of the material originally least
femiliar.

Rodiick and Anderscn (1968) found that the achievement of high.
schoel seniors o the Holland and Skinner (1961) program was superior
to that of & goonp reading the same material swmarised into .ﬁccinet
textbook-1ike passages. However, for a poup- of college ‘n’bo.orn.
jumiors, and semiors emrolled in an educstional psychology course there
were no achievement differences betsvsen tho two versioms. It uﬁs

' 1ikely that the lstter grosp hed a greater familiarity with the concepts
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of operant psychology than did the high school students, especially

dnco.gomu_l psychelogy is typically pre-requisite for most educational
psychology courses. o

It is not uireasonable to assume that content with which Ss
are unfamilisr msy require a more overt response for optimal learning
then does familiar subject matter. Lack of familiarity implies that
the responses required by the task may not be in S's repertory, and
consequently, actually making the response mey well be the best way of
mastering it. For familiar subject matter, on the other hand, overt
respording 'uy not be important since many of the required responser
may well be in the repertory, though perhaps not in the specific context

- required by the material. In such a task S does not have to learn how
to make the response, but rather how to connect existing responses to
new, or different situations. Overtly making a response which 1s
already in the repertory may not strengthen its association to new
situstions to any greater degree than covertly thinking, or resding the
material. In terms of response mode, this formulation suggests thgt
for conmtent in which the required responses have been previously learned

1ittle schievement difference is to be expacted between overt or covert

responding, choosing from one of several sltermatives, or reading the
naterial. ihon. the responses required by a program are new, actually
making an overt response and receiving knowledge of resulis conecarning
4t, is likely to lead to superier achievement.

A ueondy purpose of the present investigstion ws, thus, to
replicate earlier findings regarding the relationship between
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familiarity with subject matter and response mode to programed
instruction. |

Arxiety
There is a strong rationale for the -i-ola.tionah:lp; between anxiety

Al

end achievement from programed instruction. Spociﬁully, it worild seem
that the tight organiszation, reduction of uncertainty, and high ratio
of reinforcement which characterize most programd materisls should be
especially advantageous for the achievement of arxious students. It is,
therefore, surprising to note that the ressarch reported =elating
anxiety to programed instruction largely fails to support these
expectations.

Kight and Sasserrath (1966) found that anxious Ss worked faster
and made fewer errors on a lincar prograa dealing with test construction
than less anxious students. No achievement diffarence, however, was
reported between the groups. Flynn and Morgan (1966) used 2 2 X 3
analysis of variance, with progrugd and conventional instructing defin-
ing the first varlsble, and three anxiety groups the second, to study
the effucts of anxiety on achievement. No significant main offects or
interactions were found.

Lache (1967) also studied the effects of three levels of test
anxiety on achieremert. The sample was divided into two abllity groups.

" A 1inear program i: vocabulsry was presented in four different ways:
constructed response, optlonal constructed response, covert responsc, uﬂ
the resding version. Agein, analysis of variance of this 4 X 3X 2
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design revealed no significant main effects or interactions.

. Tobias and Williamson (1968) divided college student Ss into
two anxiety groups on the basis of scores on the Taylor Manifest
Anxiety Scale. A linear program dealing with binary numbers was
presented in three ways: constructed response with and without reinforce-
ment, and in a resding version. An analysis of covariance of this 2X 3
design, with the pretest s:zore as a covariate, revealed no significant
main effects or interactions for achievement or attitude data.

Cazpeau (1968) reported a significant interaction between anxiety

and fpodback in programed instruction. High anxiety girls achieved more
than the low anxiety group in a standard constructed response with

reinforcement condition. When the reinforcement was removed, however,

the achievement of the lower snxiety Ss exceeded that of the high

anxiety group. There were no significant effects for two simlilar groups

of boys. These findings are difficult to evaluate for two reasons;

First, Campeau's deperdent measure consisted of gain scores from pre-

to post-test. The difficulty of interpreting such data are outlined

by Cronbach and Furby (1969), and by Harris (1963). Second, no data !

concerning performance on the program, such as error’ rates or time
required to complete the program are reported. In the absence of such
information inferences regarding the degree to which anxiety was
vperative during the research situation are purelir speculative.
Several important factors in research on anxiety in other areas
have mot been studied in the context of programed instruction. Thus,

investigations have typically sought relatively simple effects.
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Typically, an anxiety scele was administered and different programing
formats implemented. Prior investigations have not taken account of

some of the complexities reported in experimental investigation of

the relationship between anxiety and learning. Thus, Campsau took note
of the fact that previous investigations had found sex to be an impor-
tant varisble in investigations of amxiety (Sarason, 1963; Lunneborg,
1964). Inspection of the grand means of her data suggests that had

the analysis not considered the sex variable, significant differences
would probably not have been fourd.

Several other factors of importance in previous investigations
relating anxiety to learning have not been studied in the context cf
programed instruction. One of these is the relationship between anxiely
and subject matter difficulty. According to the drive theory proposed
by Spence (1958) and Taylor (1956) high anxiety should interfere with

performance on complex tasks for which S's incorrect responses are of.

equal, or higher, strength than the correct responses. For simpler
tasks, where ons predominant rsspunse exlsts relative to other responses,
anxiety is predicted to have a facilitating effsct. Empirical support
for these formlations have been reported by a number of investigators
(Spence, 1964; Denny, 1966; Spence & Spence, 1966). No investigations
have besn reported relating anxiety to achlevemsnt from programed
snstruction which varied the difficulty level of the material to be
learned.

Another frequently reported finding in the anxiety literature

was an interaction between anxiety and stress. Differences between
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high ard low anxiety groups occurred only under conditions of stress
(Nicholson, 1958; Sarason & Palola, 1960; Sarsson, 1958). When stress
was absent, no anxiety effects were observed. As previously suggested,
these findings reemphasize the importance of coupling & variable assigned
on the basis of test socore with an experimental variation to increase

the probability that the varisble studied is operative in the research
situation.

The purpose of this study was to investigate some of these
anxiety effects in a nuning}ul. learning context using programed materials.
Specifically, it was expected that there be no main effects attributable
to anxiety but, instead, that anciety would interact with situational
stress. Furthermore, a triple interaction was predicted betwoen anxiety,
stress, and response mode. Constructed response was expected to be
least affected by anxiety and siress, and providing no reinforcement
most affected by it. Finally, the anxiety effects were expected to
decrease learning on difficult materials, whore, on simple content
achievement was expected to increase.

Achievement Anxiety Test. The anxiety measure utilized in this
investigstion was Alpert and Haber's (1960) Achievement Anxiety Test
(AAT). The AAT is composed of two subscaless the AAT+ deals with the
kind ¢f andiety that fncilit;tos performance in achievement situations,
and the AAT- items tap the debilitating effects of anxiety on per-
formance in achievement situations.

The choiocs of the AAT as a measure of anxiety in this invest)..

gation was prompted by several factors. First among these was the




15

evidonce closely relating this test to achievement situetions. Alpert
and Haber (1960} reported that the AAT scales had the followlng rulti-
ple correlations with academic achievement in three different sampless
.5’{, .50, .32. Correlations betwzen the AAT- and achievenent in these
three samples were -.48, -.45, =.08; correlations for AAT+ being .32,

.36, and .50. These correlations were relatively unaffected by

scholastic aptitude. Retest reliability of the scales was .83 and .87

over a ten wsek interval.

T, A gy

The second fector prompting cheice of the AAT was the fact that
relationships similar to those obtained by Alpert and Haber were found
in a pilot study. The AAT was administered to four educational
'psyeholog;; clesses at the City Collsge of New York during the Spring,
1967 semester. Correlations betwsen the AAT+ and grade point average
were .2], and -.26 betwsen the AAT- and grade polnt average. The
pultiple éawelations between both scales ard grade point average was
.45, Vhen ability, ss reflected by SAT scores, was partialled out the
multiple correlation was only slightly reduced to .35. These results
indicated that for the population to be used in the presont investiga-
tion the evidence supported the contention that the AAT was related to
andety associated with achievement gituations.
| Finally, the AAT was sdopted becouse prior data suggested that
it might interact with response mode to programed instruction. Sub-
| sidiery at_ulysis of previous data (Tobias, 1969¢) irdicated that the
AAT scales had the following correlations with total achievement from

an instructional program in a reading condition: AAT+ = AH0; AAT= =

PV T i £ T
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-.28. In a constructed response condition, however, the correlations
were .08 for the AAT+, and -.17 for the AAT-. Differences between
these correlations indicated that the AAT predicted achisvement dif-
ferentislly in the various instructional conditions, and thus, sug-
gested that it might well interact with the response mode varisble.

Method

The basic model for this investigation was similar te those
recommended by Cronbach and Snow (1969) for ATI studies. Basically
two independent variables were manipulated: stress and response mode.
The degree to which these variables Anteracted with sex, and anxiety
assigned on the basis of test scores was determined by multiple linear

regression techniques,

Procedures

Administration of the procedures of this study took two sessions.
In the first of these the AAT, a pretest for the familiar programed
material, arnd some other research scales were adninistered. The instruc-
tional program and posttests were administered in the second scssion.
Half the Ss who had volunteered for this study were randomly
assigned to an induced stress condition. Prior to the beginning of
the second session the following instructions were read to this groups
"Intelligence has been traditionally defined as the ability
to learn. In the past ability to learn has been inferred
from performance on tests with items of general information,
reasoning, etc. . « . This procedure has been eriticized

since different people do not have the same opportunity
to learn these informational items. Our approach to the
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measurenent of intelligence is different. Namely, we are
inferring intelligence--the ability to learn--by people's
actusl performance on a learning task. The 1earning task
selected is an instructional teaching machine program.

The rationale in back of this procedure is straightforwerd--
the more people learn from this program, the brighter they
are. We would therefore like you to do your best on this
program. Preliminary results have indicated that this
pationale is encouraging. People who have learned much
of the program have actually done better in college than
those who have done poorly. You will be given a test to
determine how much you have learned from this progranm.

It 1s the score you obtain on this test that, we belleve,
is related to your ability to learn othor things.”

Within this stress conditlon S& were randomly assigned to one
of three presentation modes: two constructed response groups, one with
ard one without reinforcement, ard 2 reading group. The instructional
materials were presented in a booklet format with three frames to a
page. .'l'he confirmation for one frame appesred in the left-hand margin
of the succeeding frame on the next page.

0f the 72 Ss in the stress condition 70 were tested at one time
early in the 1968 semester. This was viewed as essential in order to
minimige the possibility of feedback between the stress and non-stress
groups. Non-stress Ss were typically tested in small grou.ps reanging
from one to ten, with the single largest administration consisting of

22 Ss at one time.

Materials
The instructional materials used were identical to those pre-

viously employed (Tobias, 1969a, 1969¢). The content of the program

was described above. The familiar materisl consisted of the first 54

frames, and the technical materlal of the succeeding 89 items. A

¢ erowmsswws




postiest had beern previously developed covering the familisr and tech-

The familiar subtest had an alpba peliability of .66,
86 for the items

nicsl material.

alpha reliabilities of two technical subtests weres

dealing with content requiring S to respond with drawings, and .85 for

the verbal items. For the present spvestigation the latter two sub-

scales were combined into one scals. The complete constructed response

progranm, posttest, and criteria for scoring those responses requiring

drawings of ECG tracings can be fourd in a previous report {Tobias,

1968).
The difficulty of the material was d
Previous research (Toblas, 1.968)

etermined by the percentage

of correct responses to the program.

jndicated that for the femiliar section of the program this percentage

was 96.6, and 81.3% for the technical material, a diflerence significant

bey: ord the .001 level.

As a result of Anderson's (Anderson, Faust, Roderick, 1968)

report that their Ss were able to sees the confirmation through the

paper, blank pages were inserted and bourd intc the program baokets.

The necessity for turning two puges for each frame
slightly. The no-reinforcement

ie likely to have

snereased the time for the program

version of the program was jdentical to the constructed-response ver-

sion with the exception of the fact that all of the materials in the

correct answers to the preceding frame

left-hand margins containing the

wers cut off.
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Subjects
A _total of 144 Ss, 80 of whom were female, participated in this

study. Subjects were recruited primarily from educational psychology E
classes at the City College of New York during the Fall, 1967 and Spring, |
1968 semesters. Subjects were told that the purpose of the experiment

was to study the relationship between programed instruction ard the way

people think, and were paid six dollars for their participation.

Results

The critical dependent measures in this investigation were the
scor;s attained on the posttest. In order to allow for direct com=-
parability between the means of the technical and familiar subtests,
which contained a different number of raw score points, scores were
converted to percentages.

The data were analyzed using the multiple linear regression tech-
niques outiined by Cronbach ard Snow (1969), and by Overall and Spiegel
(1969). A subjsct's group membership in the experimental stress and
response mode zonditlons was represented by a series of binary vectors.
The three response mode conditions were expressed by two vectors:
constructed response was coded 1 and 0, no reinforcement 0 and 1, and
reading =1 for both vectors. This coding made it possible to replicate
previous findings with a comparison bet.een only the constructed
response and reading groups by using the first of the two vectors (Cohen,
1968). The AAT scales were included in the model as continuous vectors.

Interaction vectors between the experimental. variables, and among these

RIC
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and the assigned variables were the simple products of the component
vectors. Since previous research had frequently reported an interaction
between sex and anxiety a binary sex vector was added to the analysis.

The initial analysis sought to determine whether anxiety and
stress affacted the sexes differentially. Interaction vectors were
thus developed between sex and the AAT vectors, and between sex and
stress. This analysis indicated that there were differential sex
effects only for the AAT+ (F = 12.90, p < .001). Therefore, succeeding
analyses of all AAT+ effects were conducted within sex by including the
sex, and AAT+ X sex vectors. The full model:L for the analysis of
g.chie;vement data included the vectors menticned above, plus the main
effects and only those interaction vectors vwhich were of interest in
this investigation. The vectors of interest are shown in Table 1.

The succeeding analysis followed a modified stepdown procedure
similar to the one deseribed by Overall and Spiegel (1969), and by

Cohen (1968). The significance of main effects was tested by forming

a reduced model containing all the main effects, then testing for the
significance of each variable by dropping that vector from the model,

and testing for reduction in the multiple correlation. This procedure

was followed since some of the maln effects were intercorrelated
(e.g., T beotween AAT+ and AAT- was -.36) ard allowed for the estimation

of the percentage of variance contributed indeperdently by any variable

lpeta weights, regression coefficients, and other data pertaining
to the full models appear in Appendix A.




Table 1

Multiple Linear Regression Analysis of Achievement Data
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MW

Familiar Technical
Percent Percent

Effect df Varlance F Variance F
Response Mode (RM) 2 b .03 2.88%
CR vs Reading 1
Stress 1 0L 1.37
AAT- 1
AAT+ 1 01 1.k .03 5.3
Sex 1 01 1.20
AAT+ X Sex 1 .08 Bol1%*
RM X AAT=- 2
RM X Stress 2 01 1.02
RM X AAT+ X Sex 2
AAT- X Stress 1 .03 b,01*
AAT+ X Sex X Stress 1
RM X Stress X AAT- 2 <Ol 2.65 01 1.05
RM X Stress X AAT+ X Sex 2 .03 3.14%

1968).

= <05

**B = <001

*p
bf_ values less than 1 not sh..m.
*p

= ,058 Probabilities determined by exact procedure (Veldman,




— 22

ad justed for the effects of all other variables. The second modifica-

tion of the stepdown procedure was to employ the full model, containing
all of the vectors including those testing for sex interaction, Ss'

SAT and pretest scores for a total of 23 df, in the denominator, rather
than only the previous restricted model. This procedure resulted in a

more conservative test and is recommended by Cronbach and Snow (1969).

The interaction effects were examined by adding vectors in the order 1n
which they appear in Table 1, and their significance tested by comparing
them to the prior model, and dividing with the full modei in the
denominator.

As expected, Table 1, whlch is reproduced on the preceding page,
indicates that none of the main effects achieved significance. The
interaction between the AAT- and stress was significant at the 44 level.
Inspection of the beta welghts for this effect clearly indicates that
in this condition anxiety interacted with stress to raise achievement.

For technicel subject matter the response mode main effect is
of borderline significance, its exact prchability being .058. For the
comparison between constructed response and reading group, F = 5.2l
significant at the .02 level. Inspection of Table 2, which is repro-
duced on the succeeding pege, indicates that the corstructed response
mode resulted in significantly higher achievement than the reading

group. This analysis, furthermore, suggests that the borderline sig-
nificance for the response mode main effect is attributable largely to

the presence of the no-reinforcement group whose performance fell

between that of the other groups. Contrary to expectation, none of the
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Table 2

Means and Standard Deviations, in Percentages, for Familiar and
Technical Subject Matter for Different Response Modes

- e e

CR No Reinforcement Ro-ading
Dependent Measure M SD M SD M SD
Familiar Test 63.7 13.7 63.8 12.0 63.8 1.6
Technical Test 63.1 4.3 59.9 13.9 57.4 16.5
Time on Program 86.8 19.1 86.9 17.1 35.2 12.0
Fllili&' Pl’opl.l 96.5 306 9601 302 —

T.&nic‘l Propu 78-8 908 7106 1200 hadad
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resuits involving debilitating anxiety, as measured by the AAT-,
achieved significance. The AAT+ did have both a significant maln
effect, ard interaction with response mode and stress for the technical
material. The analysis reported for familiar and technical material was
also computed for the amount of time taken to complete the program.

This analysis yielded a huge main effect, F = 155.7, ior response mode .
Inspection of the means in Table 2 imdicates that these resuits are
attributable to the large difference between the two constructed response
nodes and the reading group with respect to the amount of time taken.
None .of the other effects were significant for the resulis dealing with
time.

. Data for the percentuge of correct rasponses to the preogram were
avallsble only for the two constructed response groups. Thege data
were analyzed in the same manner as the achievement data., This analy-
sis for the technical portion §f the program yielded only one signifle-
cant effect, namely for the response mode variable (F = 13.24, p < .001).
The mean percentages for the two response groups, reproduced in the last
row of Table 2, indicate that the constructed response group with rein-
forcement had a significantly lower error rate on the technical material
than did the no-reinforcement group. For the familiar naterial there
was no significant difference betwesn the groups. Neither the anxiety
scales, nor the stress condition singly, or in interaction appeared to
have a significant effect on the percentage correct on the program.

Of further interest were some of the intercorrelations among the

variables. SAT score correlated .15 with achievensnt on the familiar
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materisl and .42 with achievement on the technical material, reversing
the firdings of a previous investigation (Tobias, 1969¢c). The correla-
tions between the SAT and AAT scores wers as followss AAT=- = =17,
AAT+ = ,12. The correlstion between achievement on the technical ami

the familiar program was .43,
Discussion

The results of this experiment largely fail to support the
expected interaction between achievement from programed instruation,
stress, and debilitating anxiety, though an jnteraction with facilitat-
ing anxiety was founi. Previous findings dealing with the effects of
response mode to programed instruction were replicated. The implica-

tions of these data are discussed below.

Response Mode

The present results that constructing responses leads to superior
achievemont compared to reading technical materials, but not familiar
content, replicates mrevious findings (Tobias, 1969a, c). These data
strergthen the conception that 5's previous familiarity with the
material is an important variable in determining the optima) response
mode. On material for which the responses are largely in S 's repertory,
such &8 the familiar materials used in this investigation, making an
overt response apparently does not lead to & superior association of
that response with the particular stinuli present in the program and
posttest. The fact that Ss had prior experience with the content was




26

confirmed again by a pre-test mean percentage correct of 24.7, a bit
lower than the previously reported pre-score of 32% (Tobias, 1968).

On the technical material, for which a pre-score of virtual zero was
found in the prior study, overt responding led to superior learning.

The comparison between the constructed response and reading group
strongly supports the response lsarning interpretation offered in this
study. The significance of the findings is obscured by the data for the
no-reinforcement group, which fell betwnen the groups with respect to
achievement on the technical material. It had been assumed that this
ooml:i:tion would be especially advantageous in a study of anxiety and
stress. The data indicated that this expectation was not supported by
the findings. With respect to the response mode issue, the interpreta-
tioq of these findings in terms of response learning and the variables
affecting the performance of this group are somewhat complex. An overt
response was required, though the correct answer was not provided.
Despite the fact that explicit reinforcement. had boen removed, it seems
clear that implicit confirmation was present. The hierarchal organiza-
tion, and frequent review and repetition of the content of prior frames
present in linear programs suggests that by going from frame to frame
Ss probably receive implicit reinforcement for their responses.

It may well be of theoretical interest to study the effect of
oliminating reinforcement from an instructionsl program. The present
findings suggest that this cannot be accomplished simply by removing
the reinforcement for preceding frames. Combining & no-reinforcement

condition with a scrambled frame sequence would remove not only the
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explicit reinforcement, but also the implicit reinforcement present in
the frame by frame sequence. Even in such a context, reinforcement
would, of course, not have been entirely eliminated, but would be con-
siderably reduced.

In previous research (Tobias, 1969c), achievement on the familiar
program was significantly correlated with scholastic aptitude while
technical achievement was not. The present investigation essentially
reversed these findings. The only available explanation for these
data is to be had in the lower variability, with respect to SAT, of the
p:‘esgnt sample and slightly higher aptitude. For the 144 Ss in this
investigation the SAT mean was 528.5 with an SD of 91.5. The comparable
data for the prior investigation (Tobias, 1968) were mean 507.5 and SD
105.6.

Time

In accord with the findings of other investigsations present results
irdicste that both the constructed response groups took significantly
longer than the reading group to cover the same material. In this study
overt responding took 2-1/2 times longer than reading the material.

It is sometimes suggested (Roderick & Anderson, 1968) that such {indings

raise serious questions regarding the efficlency of programed materials,

A comparison of time required to achicve mastery is meaningful in those
instances when the time required to learn a subject is of equal, or
greater importance to the mastery attained. For content such as that
employed in this study a greater degree of mastery is well worth the

PAFullToxt Provided by ERIC

I RIC

S TS W eeesen e




G —— Y

28

greater time required. One would assume that even if an ECG technician
had to take twice the time to improve his knowledge of sub ject matter,
the increased mastery is well worth the extra time required. On the
other hand, asking Ss to skim through materials they have read once

nay improve their mastery of the subject matter to the same level as
working an instructlional program, and conceivably at less time. A
study of that kind, involving different types of contant, might be
vory revealing with respect to the efficiency issue.

Aradety, Stress and Programed Instruction

The expected interaction between debilitating anxiety, stress
and response mode to programed instruction was unsupported for technical
materials, though stress did interact with anxiety to improve achieve-
ment on relatively easy, familiar content. Main effects, and inter=
actions for facilitating anxiety were confirmed by the data.

Facilitating anxiety. The AAT+ had a strong main effect, and

interacted with stress and rezponse mode. These findings confirmed a
tendency noted in previous data (Tobias, 1968)., It is difficult to
interpret this finding in terms of anxiety theory. Alpert and Haber
(1960) conceptualirzed this scale as & measure of anxiety which facili-

tates people‘s performance in achievement situstions. The scale con~

tains such items as the followings “The more important the exam or
test, the better I seem to do."” "I enjoy taking & difficult exam more
than an easy one." "Nervousness while taking a test helps me to do
better.” 1In view of the content of these items it 1s not surprising

LR
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to note that resoarchers (McKeachie, 1969) have suggested that AAT+

may be more closely related to achievement motivation than to tradi-
tionsl conceptions of anxiety. Datta (1967) reported that 5s with
high AAT- scores temded also to have high scorss on other measures of
general anxiety while high AAT+ scorers did not. In a factor analysis
of U6 other personality scales Datta found that the AAT- and other
anxiety scales had factor loadings below ~.40 on a psychological well-
being factor. The AAT+, on the other hand, had a loading of only .05
on this factor and no higher saturation on any factor other than that
dofinpd by the two achievement anxiety scales.

The AAT+ findings make sense when viewed in terms of motivation
for academic achievement. From this perspective it is not surprising
that Ss with high motivation should achieve more than low scorers,
yielding the strong AAT+ main effect Furthermore, it is reasonable
to assume that the femsle Ss in this study, vho aspired to be teachers,
were more likely to carry out research instructions conscientiously
than their male counterparts. The sorrslation of .50 between the AAT+
ard technical schievement for females, compared to -, 03 for males, is
in acocord with these conceptions and explains the strong AAT+ X sex
interaction fourd. These data suggest that the AAT+ may be a fruitful
measure to employ in ATI investigations studying academic motivation
among females.

Stress and anxiety. The results of this study failed to con-
firm ATIs between anxiety, stress, and response mode to programed
instruction for difficult materials. One possible explanation of these
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data is that despite the induction of stress, anxliety was not clearly
operative in the situation. The findings of no differences between the
stress groups for familiar or technical content support this possi-
bility. There were also no differences attributable to stress on the
percentage of correct responses to the program for either type of con-
tent, or for the amount of time taken to complete the program. Clearly,
the induced stress failed to have any impact. This was somewhat sur-

prising since a preliminary trial of the stress instructions had indi-

cated that they had high credibility for the population sampled. The

best way of ascertaining that anxiety is operative in the research task
to measure it while Ss are working on the materials, by interspersing
@ brief anxiety scale with the instructional materials (0'Neill,
Speilberger, & Hansen, 1969).

It should be noted that attributing the present findings to the
possibility that anxiety was not sufficiently engaged in the research
situation can not account for the presence of an interaction betwesn
the AAT- ard stress for the familiar, easy materials.

A more likely explanation of the present dats is that the tech-
nical materisl was not difficult emough to evoke, or maintain, snxiety.
The percentage correct for the familiar program, irrespective of response
mode, was 96.3 compared to 75.2% for the technical material (t = 14.45,
P < +001). The technical error rate was, thus, over six times higher
(3.7 to 24.8) than the familiar. The greater difficulty of the techni-
cal material does not, however, anuwer the questicn whether an error

rate of 256 makes the material difficult enough. In a study by O'Neill,
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Splelberger, and Hansen (1969) an interaction between task difficulty
and anxdety was found. Their difficult learning materials, consisting
of mathematical problems and proofs, had approximate error rates of
79 ard 60% for two sections. Error rates for the easy material were
virtually zero. The difficult task was made more complex by the fact
that Ss could not advance to the next problem until they solved the
prior one. Such levels of difficulty are virtually impossible to attain
with the usual programcd materials, since, while useful for research,
they are likely to be useless for teaching. In this study, the

" no-reinforcement group had an error rcte of 28.4% for the technical
materials, probably as high as any program designed for the purpose of
teaching anything ought to be.

The present findings, combined with the negative results of
other attempts to reiate achievement from programed ingtruction to
anxiety question whether such an imteraction is to be expected in the
context of progrumed, or any other type of instruction. If the ratio of
right to wrong responses must be about 2-3;1 in order to demonstrate
ATIs with anxiety few instructional methods would qualify for such an
interactiocn. In this study there were clearcut relative differences on
acquisition srror rates between different types of material, and between
response modes, yet the expected anxioty interaction with stress on
achievement failed to be confirmed. This evidence strongly suggests
that the absolute error rates moy well have to be higher than those
presently attained in order to fimd evidence of AlIs with anxiety. In

turn this suggests that while such ATIs may be of considerablie
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theoretical interest, they may not be pertinent to the design of

optimal instructional strategies.




33

References

Alpert, R., & Haber, R. = Anxiety in academic achievement situations.
Journal of Abnermal & Soclal Psychology, 1960, 61, 207-215.

Anderson, R. C. EBducational psychology. Anmual Review of Psychologys,
1967, 18, 103-164.

L!ﬂ.r.bn. R. Coy Faust, G. W., Roderick. M. C. "Ovorrn‘mpting" in
programmed instruction. Journal of BEducational Psychology,
1968, 59, 88-93. |

Campesu, P. C. Test anxiety and feedback in programmed instruction.
Journal of Educationsl Psychology, 1968, 59, 159-163.

Cerroll, J. B. . Individual differences and instructional methods.
Symposium at the anmual convention of the American Psychologl-
cal Assoclation, W‘Shington. DQCQQ .saptm, 1%90

Cohen, T. Multiple regression as a general data amglytic system.
Psychological Bulletin, 1968, 70, 426443,

Cronbach, L. J.s & Furby, L. How should we messure changé--or shouid
wa? Technical Report No. 6. Project on Individual Differences
in Learning Ability as a Function of Instructional Variables.
Stanford:s Stanford University, 1969.

Crombach, L. Je, & Snow, R. E. Individual differences in learning
ability as a function of instructional varisbles. Final Report,
U.S. Office of Education Contract No. OEC 4-6-061269-1217.
Stanfords Stanford University, 1969.

Cumings, A., & Goldstein, L. The effect of overt and covert respond-
on two kinds of learning taska. Techhical Report 620919.
New York; Certer for Progr Instruction, 1962.

Daniel, We J., & Murdoch, P. Effectiveness of learning from s pro-
gramed text compared with a conventional text covering the
same material. Journal of Bducatlional Psychology, 1968, 59,

- b5k, | |

Datta, L.-E. On the unidimensionality of the Alpert-Haber Achievement
Am.t’ Test. Pg&ﬂlogm noprt., 196?. 20. 6&0

Denny, Jo P. The effects of anxiety aml intelligence on concept

ggmtion. Journal of Experimental Psychology, 1966, 72, 596~
2, '




Fiynn, J. T., & Morgan, J. H. A methodological study of the effective=
ness of programed instruction through analysis of learner '

. characteristics. Procesdings of the 74th Annual Convention of
the American Psychological Association, 1960, 259-260.
Glaser, R. Some implications of previous work on learning amd
individua) differences. In R. Gagné (Ed.), Learning and

individual differences. Columbus, Ohios Charles E. Merrill,
1967. :

Glaser, R. Psychological questions in the development of computer-
assisted instruction. Paper presented at a Conference on (om-
puter-Assisted Instruction, Testing, & Guicance, University of
Texas, Austin, Texas, October, 1968.

Barris, C. W (Bd.) Problems in measuring ch . Madison, Wiscet
University of Wisconsin Press, 1903.

Holland, Jo G. A quantitative measure for programmed instruction.
' American Educational Research Journal, 1967, 4, 87-101.

Holland, J. G., & Skinner, B. F. The anslysis of behavior. New Yorks
McGraw-H3i1l, 1961.

Karis, C., Gilbert, J. E., & Kent, A. The interaction between response
mode and response difficulty in programming. FPeper presented at
the American Educstional Research Convention, Chicago, February,

1%80

Kight, H. R., & Sassenrath, J. M. Relation of achievement motivation
and test anxiety to performance in programmed instruction.

Journs). of Educational Psychology, 1966, 57, 14-17.

Lache, S. I. Auto-instructional response mode and anxiety as factors
in the retention of simple verbal materials. Paper read at
A;;rim Educational Research Conventicn, New York, February,
1967.

Lunneborg, P. W. Relatlons ameng social desirability, achievement,
and anxiety measures in children. Child Develomment, 1964,

35, 169-182.

McKeachie, W. J. Interaction of achievement cues and facilitating
anxiety in the achievement of women. Journal of Applied
Psychology, 1969, 53, No. 2, 147-148.

Nicholson, W. M. The influence of anxiety upon learnings Interference
or drive increment. Journal of Personality, 1958, 26, 303-319.




35

o."m’ H. F" Jr.’ spielb‘rm’ C. Dt’ & Hansen, Do N. The ef{ect
of state-anxiety and task difficulty on computer assisted learn-

ing. Journsl of Educational Psychology, 1969 (in press). (a)

Overall, J. E., & Splegel, D. K. Concerning least squares analysis of
experimental date. Psychological Bulletin, 1969, 72, 311-322.

Roderick, M., & Anderson, R. C. Programmed introduction to psychology
versus text-book style summary of the ssme lesson. Journal of

Educational Psychology, 1968, 59, 381-387.

Sarason, I. Effscts on verbal learning of anxiety, reassurance, awd
meaningfulness of material. Journal of Experimental Psychology,
1958, 56, 472-477.

Sarason, I. H., & Palola, E. H. The relationship of test and general
anxdiety, difficuliy of task, and experimental lnstruction to
performance. Journal of Experimental Psychology, 1960, 59, 185-
191.

Sarason, I. Test anxiety and intellectual performance. Journal of
Abnormal & SOC;-‘]. Pﬂmﬂloﬂ' 19639 66’ 73"?5.

Spance, K. W. A theory of emotionally based drive (D) and its relatlon
to performance in simple learning situations. American

Psychologist, 1958, 13, 131-141.

Spence, X. W. Anxiety (drive) level and performance in eyelid condi-
tioning. Psychologlcal Bulletin, 1964, 61, 129-139.

Spence, K. W., & Spence, J. T. The motivational components of manifest
ancietys Drive and drive stimuli. In C. D. Spielberger (Ed.),
Anxiety and behavior. New York: Academic Press, 1960.

Taylor, J. A. Drive theory ani manifest anxiety. Psychological
Bulletin, 1956, 53, 303-320.

Tobias, S. The effect of creativity, response mode, ard subject matter
familiarity on achievemert from programed instructlon. New York:
¥SS Educational Publishing Co., l%.

Tobias, S. Distraction and programed instruction. Technical Report

No. 2, Programed Instruction Research Project. New York:
City College, City University of New York, 1969. (a)

Tobias, S. Research strategy in the effect of the individual differ-
ences on achievement from programed instruction. Paper pre-
sented at the anmual convention of the American Psychological
Association, Washington, D.C., SOptOlber, 1%90 (b)




Toblias, S. The effeect of ereativity, response mode, and subject matter
familiarity on achievement from programmed jnstruction. Journal
of Educational Psychology, 1969, 60, 453-+60. (c)

TobiaS, Ses & Williamson, J. H. Anxiety and response mode to pro-
grammed instruction. Paper presented at the American Educa-
£iona] Research Association Convention, Chicago, February, 1968.

Veldman, D. J. Fortran Eroggamming for the behavioral sciences.
New York: Holt, Rinshart, & Wwinston, 1967.

Williams, J. P. Comparisons of several response modes in a review
progran. Journal of Educational Psychology, 1963, Fy 253-260.

Williams, J. P. Effectiveness of constructed-response and multiple-
choice programming mecdes as a function of test mode. Journal
of Educational Psychology, 1965, 56, 111~117.




T S e sy

el

. FULL FAMILIAR MCDEL 23 Fredictors
VARIABLE CCRRELATICN REGRESSION RETA
AV X VS Y COEFFICTENT
Sex ~C. 06653 ~B.781CC -0.70674
AAT= (A=) ~C.C266E Ge227C4 C.09885
Stress (S) G.1C236 -G, 7657 -0.79112
Lespronse Mode (RM) -C.00€2¢ 1.566172 0.1035¢
Resy onse Mode (RM) -0.00128 3.43157 0.22694
Sex X A~ ~0 COHRE (e31945 0.6840¢E
Sex X S -G.0E6184 12.65E6E 1.02443
A=X S 012619 Cet3515 0.94214
A« X RM ~0.011C4 -0.6277% -0.04931
Aa X M ~Ce(1425 -G.16373 -C.2876¢6
S X x4 G.C3651 ~13.17C5¢C -C.87¢93
S X BM 0 01653 18.466G8¢€ 1.22133
h=-X S X RM 0.050CY 5e506€E C.9C035
Ae ¥ & X RM ~G.(155% ~(. 70962 ~1.246F2
AAT+ (A+) 0037867 2.1R415% C.06354
A+ X Sex ~0.070486 -(.0343C -0.07233
A+ X Sex X € ~0.06569 ~Cet72CT ~C.9968¢6 |
A+ X Sex X RM ~0.044642 -0.0298¢ -0.05128
A+ X Sex X RN -0.07557 -C.G255¢C -0.04380 |
A+ X Sex X & X ~0.0412¢6 0.CCH5E C.01128 |
A+ X Cex X S X RM Ge06162 G.Gl501 0.02600 |
Pretest C.21432 Nn2181& 0.19322
SAT=\"erbal 0.149473 Co0153C C.11297
DEPENDENT
Familisy
INTRECEPT  39.70926

MULTIPIE R= Q.l3556 Multiple R%= 0,18971 CE CF ESTTHLTF = 12417568

SUM OF SCUARES= 116503125 ERROR SE= 17789,66797 TOTAL SSw 219511469922

DF DUNCMINATCHw 120 Fm 1,2215

IF MIMERATOR= 23




B L rictindisisthimickthuiudonrd
! A

VARIABLE

Makils

Sex

LLTe {Aw)

Stress (S)

Rasponse Mode (FM)

Eesponse Mode (RM)

Sex X A=

Sex X S

A ¥ 8

Lo L.PM

L= X WM

LAT+ (&+)

A+ X Sex

A+ X Gex X S

b+ X Sex X M

A+ X Sex X BM
3

-
o

A X Sex X & X HM
A+ X Sex X 5 X RM
Pretest
SAT=Verbal
DETTDENT
Technd.asl..
INTERCEPT 18,8959%

MULTIFLE i= 0463600
SUM._CF SQUAK™Sw 1302412309,
DF NUMERATQR= 23

_FULY TECENICAL MODEL

CORRELATICN

X Vs Y
C.02574
-0.22096
-0.00b8&2
C.15€21
C.06935
G.03885
-G.CO01E2
“0001096
C.15745
C.06453
-0.105153
-0.06593
—0009530
~(0.09C0€E1
0.25385
-0.01954
“0002031
-0.01638
~-0,03542
(06302
(615990
0.2350%
0.41&43

MILTIFLE, R? 040450
_ FOROR £6w 19200,17578

DF DTNAMD

W TCD= 120

23 Predictors

REGRESSLICN
COEFFICIENT

11.5558C
-0.203&8
‘30492&&
~1.82852
~0e511653
G.24551
19.16918
Cte17112
$e22376
-0.00521
~3,87126C
14.62918
Cr2bblé
'0-53449
C.4&CTE
-0 T7CGT£
~0a%590G11
-~G.330832
"u.UlbﬁE
((aC38324
Ue10674
0123717
C.06GE<

BETA

0.76746
-G.07318
”0023341
-0.09676
“0002794

0.43378

1.01418

G.30573

0.32815
~Q.00769
~0.5387C

G.79825

0.39026
~0.77492

0.1312C
~1.21934
-1.0282¢6
-0.046328
~-(.02332

C.05450C

(.15258

C.0504¢

037055

SE CF FETIMETR= 12,6517

Fo 305hh0

TeTAL SEm 32242429668




